The modified surface of activated carbon (MSAC) was prepared from the agricultural byproduct coconut shells, by physical and chemical activation processes, and it was tested for the treatment of simulated radioactive waste solutions included some metal ions, namely Europium, Cerium, Strontium, and Cesium. The structural morphology and composition of the modified surface activated carbon coconut shells (MSAC) were evaluated by SEM, XRD, FTIR, XRF, and elemental analysis. The solubility experiments show that the prepared sorbent (MSAC) has reasonably good chemical stability. 
Abstract
The modified surface of activated carbon (MSAC) was prepared from the agricultural byproduct coconut shells, by physical and chemical activation processes, and it was tested for the treatment of simulated radioactive waste solutions included some metal ions, namely Europium, Cerium, Strontium, and Cesium. The structural morphology and composition of the modified surface activated carbon coconut shells (MSAC) were evaluated by SEM, XRD, FTIR, XRF, and elemental analysis. The solubility experiments show that the prepared sorbent (MSAC) has reasonably good chemical stability. The influence of solution pH, contact time, adsorbent dosage, adsorption temperature, initial metal ion concentration and interfering substances such as sodium chloride salt and ethylenediaminetetraacetic acid (EDTA), on the adsorption performance of Eu 3+ , Ce 3+ , Sr 2+ and Cs + ions on to the prepared sorbent (MSAC) were examined by batch technique. The saturation capacity of the MSAC for the studied metal ions was found to be very high as compared to the breakthrough capacity, and it was found to be 136. 84, 85.55, 69.85 The developed sorbent is considered as a good replacement technology for removal of Eu 3+ , Ce 3+ , Sr 2+ ,and Cs + ions from radioactive waste solutions due to its low-cost ,
INTRODUCTION
The nuclear industry generates considerable amounts of waste, which may require further treatment before safe disposal. Low and intermediate level wastes are generated in nuclear fuel cycle operations, in the production of radioisotopes for medical , industrial purposes and in nuclear research centers. These types of wastes are characterized by low level activity and relatively large volume ( IAEA,1970). Radionuclides existing in the low and intermediate level liquid radioactive waste are generally classified into two types first: activated corrosion products and transition metals such as Ni, Co, etc. Second: fission products such as., 137 The present work aims to study the ability of the modified surface activated carbon prepared from coconut shells (MSAC) to remove the investigated metal ions from simulated radioactive waste, (ii) elaborate the parameters affecting the sorption process and (iii) evaluate the saturation capacity and the thermodynamic parameters of the sorption process.
Methods and Materials

Preparation of high quality modified activated carbon from coconut shells. A-Preparation of activated carbon from coconut shells
The coconut shells are washed with water to remove sticking and lose matter and then sun-dried for 5 days. The dried samples are then hammer -broken to pieces and converted to a powder using a mixer. Two-step procedures are followed where the prepared activated carbon is applied by mixing 40 gm. of coconut shells with 50 ml of H 3 PO 4 solution (20%) for 24hrs.
B-Carbonization
The paste produced was heated slowly with a heating rate of 50 o C/5min and kept for 3hrs at 500 
C-Surface modification process
Multiple chemical activation and heating is performed for the prepared activated carbon as follows: The prepared activated carbon was mixed with H 2 O 2 (4M) at room temperature until there were no gases evolved. The produced mass was washed thoroughly with distilled water and dried at 110 o C. After cooling the produced mass followed by further oxidation with HNO 3 (6M), with 2 hrs shaking at 80 o C . The produced high quality modified surface activated carbon was washed with distilled water to neutral pH and dried in oven at 110 o C for 24 hrs and stored in a desiccator over silica gel for later use.
Batch adsorption studies
Experimental conditions for studying the effect of solution pH, contact time, adsorbent dosage, initial ion concentrations, and interfering ions such as sodium chloride salt and ethylenediaminetetraacetic acid (EDTA) were performed. the solid material in V/m ratio 100 ml/g was carried out. The mixture was shaked in a shaker thermostat at 25±1•C at the speed of 400 rpm. The adsorption temperature effect is investiged on the prepared sorbent (MSAC) at 25, 45, and 65±1 o C. After equilibrium, the solid was separated and the concentration of the metal ions was measured instrumentally using Hitachi model Z-6100 atomic absorption spectrophotometer. All tests were repeated for three times and the total experimental percentage error was about ± 3%. The following equations are applied ( Moloukhia et al 2006)
The percentage uptake (U %) and distribution coefficient (K d ) are calculated using the following equations:
The apparent sorption capacity of the sorbent may be expressed in terms of the following equation:
Where C i and C f are the concentrations of the ions in solution before and after equilibration, respectively, V is the solution volume (ml) and m is the sorbent mass (g).
Break-through capacity
Chromatographic column breakthrough investigations are conducted as follows. One gm of the prepared sorbent (MSAC) of particle size <100 µm is packed in a glass column (1.4 cm diameter and 5 cm height) to give a bed height of 2.2 cm 3 volume. Where, V (50%) is the effluent volume at 50% breakthrough (ml). C o is the concentration of feed solution. m is the amount of the column bed in gram .
RESULTS AND DISCUSSION
Characterization of the obtained material (MSAC) 3.1.1. The physico-chemical characterization and the elemental analyses
The physico-chemical characterization and the elemental analyses of the studied sorbent (MSAC) are shown in Table (1) and (2), respectively 
Chemical stability
The chemical stability of the prepared material(MSAC) was studied in water and acid (HNO 3 and HCl) at different concentrations [0.5, 1, 2, 3, 4, and 5 M] , by mixing 100 mg of the prepared sample with 100 ml of the desired solution with irregular shaking for about one weak at 25±1 o C . After that the filtrate is tested gravimetrically.
The solubility experiments show that the studied sorbent has reasonably good chemical stability in water and acid (HNO 3 and HCl) as shown in Table ( 
XRD
The XRD spectrum of the powdered sample is shown in Figure ( 
Adsorption dynamics
Effect of contact time
Equilibrium time is one of the most important operational parameter for the effectiveness of treatment processes. In other words, this time represents the contact time at which the active sites and the sorbate are in contact to each other for the adsorption to occur. To as certain a suitable contact time between the studied sorbent and aqueous solutions, the fraction removal of Eu 3+, Ce 3+, Sr 2+ ,and Cs + ions was studied as a function of time from 10 to 300 min while keeping other parameters constant as shown in Figure (5) . It shows that the fraction removed significantly increases as the time is increased until equilibrium adsorption is established at 180 min. This could be explained as being due to the fact that adsorption sites are well exposed, thus a quick reaction is occurred. It could be seen from figure (5) 
Effect of solution pH
The adsorption process is strongly governed by the solution pH. The effect of pH solutions on the removal percentage of the investigated ions using MSAC is shown in Figure (6 ). It shows that the adsorption percentage increases with increasing the pH value of the solution for the studied metal ions. When the pH of the system increases, the number of negatively charged sites on the sorbent increases, due to an increase in the hydroxyl ion concentration as where the number of positively charged sites decreases. . Similar results are reported by (Iqbal, 2007) . Therefore at higher pH, the surface of the sorbent gets more negatively charged by losing protons (deprotonation of different functional groups on the surface of the biosorbent) and thus favors the uptake of positively charged cations due to increased electrostatic force of attraction .Similar results are reported by (Ponnusam et al .2009 ).. 
Effect of sorbent dosage
The effect of a sorbent dosage on the removal of the studied ions is shown in Figure ( 7). The figure shows that the sorbent removal efficiency for the studied metal ions increases up to a certain limit where it remains almost constant at 0.05 g sorbent dosage and up. Hence, the optimum dosage from the modified activated carbon sample is found to be 0.05 g/ 5ml (with V/m 100ml/ g) of Eu 3+, Ce 3+, Sr
2+
,and Cs + solutions). The increase in the removal efficiencies with a sorbent dose can be attributed to availability of more adsorption sites. The rate of uptake increases with an increase in the sorbent dosage because it leads to a greater surface area for adsorption. Similar results are reported by (El-Sherif and Fathy, 2013).Since there is no significant change in the adsorption rate above 0.05 g/5 ml, at initial concentration of 50 mg/l, this amount is fixed and used for all the adsorption studies.
Effect of initial metal concentration
The effect of initial concentration of the studied metal ions on the removal efficiencies by the studied sorbent (MSAC) at the optimum dosage (0.05 g/5 ml) is shown in Figure ( 8) . It can be concluded that the removal efficiency of the studied metal ions is decreased with an increase in the initial metal concentration from 50 to 400mg/l. This behavior may be due to an increase in the driving force which leading to increasing the collisions between metal ions and hence decrease the mobility of metal ions towards the adsorbent surface. Figure 9 , it is observed that the removal efficiency for the studied metal ions is slightly increased with increasing temperature from 25 to 65±1 
Effect of some interfering substances
To study the effect of competing cations which may be present in radioactive waste such as Na + , also the effect of complexing agents as EDTA on the removal of It is found that the studied sorbent MSAC has higher saturation capacity compared to other synthetic and natural sorbents .This may be due to its small pore diameters, which results in higher exposed surface area and hence high surface capacity for adsorption. Similar results are reported by ( Singh et al. 2013) , in addition to the presence of multi-functional groups, such as carboxylic, hydroxyl, and lactone, which have a high affinity for metal ions .Similar results are reported by (Tan et al. 1993 ).
Break-through capacity
Investigations are conducted to explore suitable conditions for quantitative loading and sorption of the metals studied in neutral media (pH = 5.56(by chromatographic column procedures at room temperature (25±1 o C). As far as the break-through capacity of the column is concerned, Figure( 11 The values of breakthrough capacity under the conditions of the experiment can be easily estimated from Figure( 11) and calculated using equation ( 4) Table( 
CONCLUSIONS
 The produced modified surface activated carbon is characterized using X-ray (XRD and XRF), CHN elemental analysis, ICP S , FTIR, TGA-DTA and scanning electron microscopy (SEM).  The solubility experiments indicate that the produced sorbent is resistant to HNO 3 and HCl media  The obtained data, reveal that the modified surface activated carbon produced from coconut shell is a good adsorbent for the removal of Eu 3+ , Ce 3+ , Sr 2+ and Cs + ions from radioactive waste solutions.  . The removal efficiency of the studied metal ions is controlled by solution pH, contact time, adsorbent dose, adsorption temperature, initial ion concentrations, and interfering ions such as sodium chloride salt and ethylenediaminetetraacetic acid (EDTA).  The studied sorbent has high saturation and break-through capacities as compared to other synthetic and natural sorbents  The adsorption process is spontaneous and endothermic in nature which is further confirmed by the determined of thermodynamic parameters.  Coconut shell (a waste) is inexpensive and readily available. Thus this study provides a cost effective means for removing metal ions from contaminated water or effluents. 
